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Abstract

This research aimed to test the efficiency of locally available, low-cost and
efficient adsorbents suitable for removing hydrogen sulfide from biogas produced as an
alternative energy source in livestock farms. The adsorbent materials tested were
concrete pellets, steel wool, wood chips and diatomite. The efficiency of the adsorbent
was compared with the adsorbent that has been improved by coating with ferric
hydroxide to study the removal of hydrogen sulfide in biogas. The tests were performed
by loading the adsorbent in a fixed bed adsorption column with a diameter of 10.16 cm
and a length of 50 cm, allowing biogas to flow through by 15-20 liters per minute (900-
1,200 liters/hour). The results showed that the ferric hydroxide-coated concrete pellets
packed in the column can effectively remove hydrogen sulfide in biogas, with an average
removal of 99.18% of hydrogen sulfide before entering the system at an average

concentration of 2,551 ppm.
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50 cm.

Concrete pellets Diatomite coated Wood chips coated

coated with Fe(OH), with Fe(OH) , with Fe(OH) , biogas inlet

Figure 1 Adsorbent material (left) and design of fixed-bed adsorption column (right)

used in the experiments.
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Figure 3 Elemental composition of concrete granules before (left) and after (right)
coating with ferric hydroxide.
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Figure 5 Elemental composition of diatomite before (left) and after (right) coating with

ferric hydroxide.
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Figure 6 Elemental composition of wood chips before (left) and after (right) ferric

hydroxide coating.
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Figure 7 Surface of wood chips before (left) and after (right) ferric hydroxide coating.
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Figure 8 Removal of hydrogen sulfide from biogas by a fixed bed column using concrete

pellets as adsorbents.
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Figure 9 Removal of hydrogen sulfide from biogas by a fixed bed column using ferric

hydroxide-coated concrete pellets as adsorbents.
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Figure 10 Removal of hydrogen sulfide from biogas by a fixed bed column using

diatomite as adsorbents.
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Figure 11 Removal of hydrogen sulfide from biogas by a fixed bed column using ferric

hydroxide-coated diatomite as adsorbents.
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Figure 12 Hydrogen sulfide removal in biogas by fixed bed column using wood chips as adsorbent.
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Figure 13 Removal of hydrogen sulfide in biogas by fixed bed column using ferric

hydroxide-coated wood chips as adsorbent.
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Figure 14 Removal of hydrogen sulfide in biogas by fixed bed column using steel

wool as adsorbent
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1NNaNIIMAaesvesianusiazviind1eiu lunisnageuauanisalunsida

fnglalasiaudalndlufitgdinmienssuiunsaadu wWisuileulanansed 1 (Table 1)

Table 1 Comparison of hydrogen sulfide adsorption efficiency of adsorbents used in the

experiments.

Adsorbents Hydrogen sulfide concentration in biogas (+S.D.) Adsorption
Before adsorption (ppm) After adsorption (ppm) efficiency
1. Concrete pellets 2,383 (+10.6)° 994 (+1.73)* 9.8%-73.2%
2. Diatomite 1,655 (+15.0) 759.3 (+14.0)° 5.39%-87.6%"
3. Wood chips 1,857 (+1.2¢ 743.2 (+2.5F 26.5%-80.9%"
4. Steel wool 2,305 (+1.0)° 812.3 (+5.9)° 68.50%"
5. Concrete pellets coated with Fe(C 2,551 (+9.0)° 14.0 (0.0 99.18%"
6. Diatomite coated with Fe(OH), 2,659 (£79.2)° 34.48 (+1.5)F 97.34%"
7. Wood chips coated with Fe(OH), 2,432 (+0.6)° 21.43 (+0.6)f 97.60%"

Remark: ‘measured throughout the experiment. “average value on the constant adsorption range.
Similar superscript letters indicate no statistically significant difference (p > 0.05). Different superscript letters
indicate significant difference within column (p < 0.05).
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Figure 15 Efficiency of each adsorbent on hydrogen sulfide adsorption in biogas.

anUsigna

a a o o

n1sfnwiuszaniamvesiangadulalasiaudaludluiiedinmlagiiseuiey
UszAnsnmvesiangaduiuiangaduiiviuugsnuninsensiadeusemesinlansonled
namsvaasmuitnisidalalasiaudaludlufedinwsnefaggeduifinsusussmanm
vssgluneduiazliiussansawlunisidnlelasaudalndliuinniniangaduiilainiy
M3UTUUTIAMA N

nnmsEnuiangeduiiduiinneunindiitumsuivlginunwiiowssuiiioy
auandAtunraunInfiHuNTUIUUTIRAIAM WuhneunTaliiunsUTuu R maed
AaandRlunsgaduinglelasaudalidlaguiu Fannuamafnwasinuiannsaide
lalasiaudalndidudu 2,383 ppm WianasldmigandeUszuna 640 ppm wazAaidy
UszAnSam 73.14 % Falsnsnuinauaouninnievezasunin (cellular concrete waste)
fanusamdalalasiaudalndainineTanimla Tae Poser et al. (2023) wuin cellular concrete
waste 1 Alansu aunsamdalalasiaudalndld 169 nsu Usednsandenarinainnaln
vamenm-esiidudou Tnglalasaudalidagiufizontudndsznouin 4 vesneuninead
Tnganziaaldauesnlyn (Ca0) MnuaalBaudainalansn (CasSiO,nH,0) uaginessneanlyn
(Fe,0,) %qﬁwiﬂgjmiﬂﬁ’vLﬂﬁﬂiﬂﬂidﬁ%’ﬁﬂﬂMLﬂﬁL%au%’aL‘V\Im n308UgU (CaSO,-2H,0) Lag
ey Faenadostumsmaaeures Anas et al. (2017) Ali8uuiuasnsunislunsgady

lelasiaudalis Fmuiilslasaudalrdzgneondledilufuzdusauaznanedundngudu

'
a =

nANUEsavesrsuninlunisgadulalasiaudaliduarujiseviindu e
AounInuUTulTInunmlagnsiadeuineinlansenled JuilvireunIndusednsaingdu
MNFNIN Fnnsiesgilasiaiavesianieglindeanssaudidnaseunuudensia

a v o ' v A a 3 a < = o val 3
Waweliiuimainisindsumleinlansenleduuiiivesdinnouninvinlvisinman (Fe)

75



Life Sciences and Environment Journal 2025; 26(1): 63-79
————————————————————————————————————————
WNITUURIABUNI AkazY s esrUsEnaui i eiladnd1udd suluanniay Taenuin
X a a A & a X 4 2 & W o w o w o s <
wuiudnneunIalisnmaniinay dananduduwdsddglunismialalasiaudalia lnewan
sgyiuisenivesndiau dwaliiamesin(eenlyd (Fe,0,) Feanunsaldiluarisgadu
Tunszurunisgaduiiieriugisendu lelasiaudals iiadu wessn (1) Falvd dauans

Tuauns (1) ‘U;ja%ﬁﬂﬁﬁﬂuﬂiﬂLﬁ@%ULQGMWMﬁiiuﬂﬁa (Riyadi et al., 2017)
Fe,04(s) + 3H,S(g) — Fe,S4s) + 3H,00 ... (1)

0y Fe,S, MfinTu anunsaiuyanimvesnesin(indalud lindunnduaisgadu
lalasiaudalid TugUvearasin(ineenled ladnass Inensvijiseniueendiau fakans
Tuaunsi 2

Fe,Si(s) + 3/20,(g) — Fe,O4(s) +3S(s) .. (2)

faty WaSeuisudszansanlunisidniielalasiaudalialufiedininue
< A Ay oA ) Y] o oA A a s I I
dinpaunsanlifimsvsulssnunmiudinpeuninfivndeunesnlansenles auiiiuinsnman

nnziinadaneunindmaneuszdninmnisidnivlalasaudaludlufedinmiiagy
(Rajagukguk & Satria, 2019; Polruang et al., 2017)

vauzfin1slineswdndudgadulalasaudaluddy wuidiussdnsamussunu

a

68.5% laaiade Gadoamanaiunsaideulalasaudalididu iwessn () Falud dugu
nsinufisenluaunis (1) wWuiy (Pacaiang et al,, 2024) nin1sdudaivesndiaunay
anuauazyiemaniianisknsoukazguiastadald dunannu

nstinnasdlilaeznenluiidusgedulalasaudalndiu wuiilaezmeuluiauise

¢l

andulalasiaudalndlaflugag 50 wiiusn vislifiosanlasasnvedlaoznenluvindidugngu

YUIALE NTIUIULIN INFUWAD Lﬁrﬂmmj'aﬂ’iwizm'Nlmawauiuﬁum'axﬁmazﬁﬁ’mm

' '
= o =

Inaznanlunios (Felaous et al,, 2023) Beiaqnilsnsuindlasairamaaiiivanvany n1sisngy

Y 9

= °

s iTaguuiinuiiog dadiwwldufunndmsunisgaduluanaveslalasiaudalis
(Khabazipour & Anbia, 2019) eg1alsfinuiiaisulssansawlunisidnlalasiaudala
aelneznaulamfiunsuTuunan mkas L unsyuIumMIAna ndmuindvssdns o

teenimsliidaneuninlunmsgadulalasiaudalis nalwinlnevneuludasiinuanifney

o

Wz wignsewvedlaezneuludifegnsuvedeeznenludiulindiduiovunanaussnmegiiae

q

snguuIERzgnUanu nbinuaudflunmsdusgaduanas Uung et al, 2014). wazsewnl

U 9

mlinsihludssyndldludondedanaaduiu (Franca et al, 2003)

76



Life Sciences and Environment Journal 2025; 26(1): 63-79

Nan1sYIAABUNNSIALTTUUgAFuLUUsSslunedutifiofdalalnsiaudaludlngld
lifauusnauazlsiduiiiunisuuussganmlnenisindousemesinlensenlediduigadu
Telasiaudald wuih lduiinsedousamessnlensenlediuiivseavsnmlunisidald
AntliEusssunflaifimandoumemesinlensenled Miidomnlidudumliilasat
Fudsgneudevedideiuasosidesomanssneegitily uiviearegluanimasudig
dunvudesnifanmadaudetissveeenly nan1sieszilasadreesaniaelindos
Qanssmididnaseunuudesnsia vilvmsuindetiavliduusiunssuuniseionlaenis
wasusgainaasliduazlaiisulansenles wuinasazaredananivinlilaseasng
mantenmvesliduiudsuly Arveadolsignansazateddqniiduseiansou sl
fenudesgsinniu snfesufidainvedidodinirsdudeituty vlfialidud
autifdumigeduiia sgslsAmunisgaduieiasliduiilifinsusulssmuamannouasd
Uszdns amlunisgadulalasiaudalisanand ornandiuly 20 undt seid d9eeudn
lalasiaudale awqmﬂﬁlﬂugmﬁu (NHy), SO, § wwdundnsasiuniveddundnves
Thiobacillus thioparus Faduwuafiiediannsaldansuszneumurdueiund Wiy (NH,),
50, fanandlutfAzend 3-5 ansUszneudinanaznediuuuiiuisvesavldl uavazauun
Judos 1 dleufAsenduiuly dwaliussansamlunisgadulalasaudalidveaavlidy
anas (Kim et al., 2002)

3H,S + 20, —  SOS+2HY L (3)
NH, + H* — NHS: (@)
NH,” +SO,” — (NHp),-SOs) ... (5)

v v
v a o [ A v

ag1dlsfimunisdnuluasiddidiinegiiissianluiosdulifviauazeyludu

q

v '
P~

nsdnvUsEanSadesduriniu Fetudamsnuiandu 4 Wiy ieduteyalfinwans
Bonldmumnmmnvauvesusiasiiug Snvtsnmsinuluadsdsslilddnmognsldan dad1in
LLaﬁ%miﬁuvjﬁﬁﬂisﬁw%mW 3 dluowanmsazd msdnwuiudsuagiaunlug msthluld
nuasfuszuundniiedanim sevwedn nnaLaralng Wefnwuseansam

ynnsldussuesUszduanudululddaasugenansaeld

7



Life Sciences and Environment Journal 2025; 26(1): 63-79

#3Unan1339Y
Mnnsilieuiisulsyansnmeesianaaduuiassiiatunmsidninglelasaudalia

Tufinedanimituszuugadusuuns dursduinuindaneunimadouneinlansenled

a

Jutangadunifivssansnmlunsidaiglalasaudalndlufie@inimaniian fvhudey
imslumsgeadunazusednsnm lnganunsageduinglalasiudalndlufiedininiiany

WuduSugiu 2,551 ppm Léade 99.18%

AnAnssuUszne
MATellATunuganyuN1TITEAINNemuIedLasuNseuSNYNFWL Ysed1d

uUszUn W.A. 2564

LONA1991989

Anais G, Minerbe MG, Nour |, Dangla P, Chaussadent T. Impact of cement composition on the adsorption
of hydrogen sulphide and its subsequent oxidation onto cementitious material surfaces.
Construction and Building Materials 2017;152:576-586.

Awe WO, Zhao Y, Nzihou A, Minh DP, Lyczko N. A review of Biogas utilization, purification and upgrading
technologies. Waste and Biomass Valorization 2018;8(2):267-283.

Choleva E, Mitsopoulos A, Dimitropoulou G, Romanos GE. Adsorption of hydrogen sulfide on activated
carbon materials derived from the solid fibrous digestate. Materials 2023;16(14):1-23.

Felaous K, Aziz A, Achab M. Physico-mechanical and durability properties of new eco-material based
on blast furnace slag activated by Moroccan diatomite gel. Environmental Science and Pollution
Research 2023;30:3549-3561.

Franca SCA, Millgvist MT, Luz AB. Beneficiation of Brazilian diatomite for the filtration application
industry. Mining, Metallurgy & Exploration 2003;20:42-46.

Hosseini SE, Wahid MA. Development of biogas combustion in combined heat and power generation.
Renewable & Sustainable Energy Reviews 2014;40:868-875.

Industrial Safety Technology Promotion Division. Operation manual on the design, production, quality
control and use of biogas for industrial Plants. Bangkak: Department of Industrial Works, Ministry
of Industry; 2023.

Izhar TNT, Kee GZ, Saad FNM, Rahim SZA, Zakarya IA, Besom MRC, Ibad M, Syafiuddin A. Adsorption of
Hydrogen Sulfide (H2S) from Municipal Solid Waste by Using Biochars. Biointerface Research in
Applied Chemistry 2022;12(6):8057-8069.

Jung K, Jang D, Ahn K. A novel approach for improvement of purity and porosity in diatomite
(diatomaceous earth) by applying an electric field. International Journal of Mineral Processing

2014;131:7-11.

78



Life Sciences and Environment Journal 2025; 26(1): 63-79

Khabazipour M, Anbia M. Removal of hydrogen sulfide from gas streams using porous materials:
A Review. Industrial & Engineering Chemistry Research 2019; DOI:10.1021/acs.iecr.9b03800.

Kim H, Kim YJ, Chung JS, Xie Q. Long-Term operation of a biofilter for simultaneous removal of H,S and
NH,. Journal of the Air & Waste Management Association 2002;52(12):1389-1398.

Marchelli F, Cordioli E, Patuzzi F, Sisani E. Experimental study on H,S adsorption on gasification char
under different operative conditions. Biomass and Bioenergy 2019;126:106-116.

Mingchai C. Hydrogen sulfide removal set in Biogas: Social enterprise for small scale farmer. Area Based
Development Research Journal 2015;7(1):47-58.

Paoaiang J, Pongyeela P, Chairerk N, Chungsiriporn J. H2 S Removal from Biogas using Steel Wool (Fe,0,)
Adsorption Combined with Water Absorption: Experimental and Modelling via RSM. Chiang Mai
Journal of Science 2024;51(2):1-14.

Polruang S, Banjerdkij P, Sirivittayapakorn S. Use of Drinking water sludge as adsorbent for H,S Gas
Removal from Biogas. EnvironmentAsia Journal 2017;10(1):73-80.

Poser M, Silva LRDE, Peu P, Couvert A, Dumont E. Cellular concrete waste: An efficient new way for H,S
removal. Separation and Purification Technology 2023;309:1-28.

Promnuan K, Sittijunda S, Reungsang A. Evaluation of commercial moving bed media and sugarcane
bagasse as packing material in biotrickling filter for hydrogen sulfide removal. Bioresource
Technology 2023;388:1-33.

Pudi A, Sarkhanlou MR, Signorini V, Andersson MP. Hydrogen sulfide capture and removal technologies:
A comprehensive review of recent developments and emerging trends. Separation and
Purification Technology 2022; 298: 1-51.

Raabe T, Mehne M, Rasser H, Krause H, Kureti S. Study on iron-based adsorbents for alternating removal
of H2S and O2 from natural gas and biogas. Chemical Engineering Journal 2019;371:738-749.

Rajagukguk K, Satria AW. Design of biogas purification to reduce carbon dioxide (CO,) and Hydrogen
Sulfide (H,S). Jurnal Teknik Mesin 2019;7:1-6.

Regenspurg S, lannotta J, Feldbusch E, Zimmermann FJ, Eichinger F. Hydrogen sulfide removal from
geothermal fluids by Fe(lll)-based additives. Geotherm Energy 2020;8(21):1-22.

Riyadi U, Kristanto GA, Priadi CR. Utilization of steel wool as removal media of hydrogen sulfide in
biogas. IOP Conference Series: Earth and Environmental Science 2017;105(1):1-6.

Schiavon D, Cardoso FH, Frare LM, Gimenes M, Pereira N. Purification of biogas for energy use. Chemical
Engineering Transactions 2014;37:643-648.

Tangtaweewipat S, Songsee O, Cheva-lsaraku B. Diminishing of hydrogen sulfide from biogas for

community use. Khon Kaen Agriculture Journal 2012;40(2):201-204.

79



